by interchain disulphide bonds and strong non-covalent interactions to yield a (/?-S-S-a)-S-S-(a-S-S-/?) receptor complex (Massague et al., 1980) . D-Glucose transporters exist in intracellular storage sites. Stimulation of cells with insulin results in the transporters being sequestered to the plasma membrane (Kono et al., 1981; Karnieli et al., 1981; Wardzala & Jeanrenaud, 1981) . These transporters contain exo-and endo-facial sulphydryl groups, which appear to be necessary for the proper functioning of the carrier. The exofacial groups, in particular, are required for maximal activity of the transporter and may even be involved in the regulation of transport rates by insulin (May, 1985) .
It has previously been reported that phenylarsine oxide (PhAsO) inhibits the internalization of the insulinreceptor complex in rat hepatocytes (Draznin et al., 1984) and 3T3-C2 fibroblasts (Knutson et al., 1983) . This inhibitory effect is attributed to the functional presence of two vicinal or paired thiol groups which form a stable cyclic thioarsinite complex with PhAsO (Wallace & Ho, 1972; Walker-Smith & Payne, 1983) .
Our investigations revealed that PhAsO inhibited glucose uptake, implying that PhAsO interacts with sulphydryl groups in the receptors and transporters, resulting in transport inhibition. By treating stimulated and unstimulated cells with varying concentrations of PhAsO we were able to separate the effect of PhAsO on transporters and on receptors.
Adipocytes were prepared by collagenase digestion of epididymal fat pads as previously described (More & Jones, 1983) . Aliquots of (1 or 2ml) adipocytes were treated with insulin, PhAsO or both, added simultaneously or separately. D-Glucose uptake measurements have been previously described (More & Jones, 1983) . In this work D-glucose uptake was routinely measured after 60 s time intervals. Fig. l(a) shows the inhibitory effect of PhAsO ( 1 0~~) on glucose uptake in insulin-stimulated cells. This inhibition was significantly, though only partially reversed by dithiothreitol (200 PM).
In unstimulated cells the plasma membrane contains approx. 85% of the cellular insulin receptors (Knutson et al., 1983 ) but relatively few transporters; 10% of cell's transporters are on the surface in basal state (Simpson et al., 1983) . Simultaneous treatment of these cells with insulin and PhAsO (1 PM) results in partial inhibition of glucose uptake due to the inhibition of a fraction of the receptors.
After 20 min of insulin stimulation, receptors and transporters would be redistributed between the plasma membrane and the intracellular pools. Approx. 65% of receptors are internalized in 15min (Knutson et al., 1983) , while the transporters on the membrane have increased 65-fold (Simpson et al., 1983) . Addition of PhAsO (1 PM) at this stage causes a significant inhibition of transport within 1 min (Fig. 16) . However, the glucose uptake begins to recover and after 20min returns to approx. 93% of the initial transport activity. This dramatic recovery is probably due to internalized receptors, Abbreviation used: PhAsO, phenylarsine oxide. It is possible that at high concentrations there may be sufficient PhAsO to saturate intracellular receptors and transporters, while at low concentrations the action might be predominantly on the membranebound receptors and transporters. Internalized receptors and transporters certainly appear to be protected against PhAsO at low concentrations.
Oka & Czech (1984) have stated that a small but significant fraction of transporters remains unexposed to the extracellular medium after insulin treatment. Our work demonstrates that an apparently large intracellular transporter pool exists and shows that sulphydryl groups on the transporter to be critical for glucose uptake, the latter in agreement with May (1985) . The activity of pyruvate dehydrogenase (PDH) is controlled by a kinase which hosphorylates and inactivates which reverses this process. PDH and its interconverting enzymes are all located exclusively within the mitochondrial matrix. Addition of insulin to rat epididymal adipose tissue results in a rapid increase in the proportion of PDH in the active, dephosphorylated form (PDH,). This effect of insulin persists through isolation and subsequent incubation of the mitochondria under conditions where the kinase and phosphatase continue to act on PDH. However, once the mitochondrial membranes are disrupted any effct of insulin on either PDH kinase or PDH phosphatase is apparently lost (Denton et al., 1984;  Marshall et al., 1984) . In order to circumvent this problem we have investigated the use of the method described by Matlib et al., (1977) where mitochondria are made permeable to small molecules while retaining their matrix proteins.
Adipose tissue mitochondria were suspended at l ( r l 5 mg of protein/ml in 250 m~-sucrose/2O mM-Tris/ 2 ~M -E G T A /~.~% (w/v) polyethylene glycol, pH 7.4, and shaken gently for 2min at 0°C with 0.2% (v/v) toluene, before being washed and resuspended in the same buffer. Incubation of the permeabilized mitochondria was carried out in plastic cuvettes maintained at 30°C in a multi-channel spectrophotometer so that the reactions catalysed by PDH and other mitochondria enzymes could be followed continuously.
These mitochondria were freely permeable to nucleotides, cofactors and substrates such as CoA and NAD+ which would not normally cross the inner mitochondrial membrane. There was no release of matrix proteins into the incubation medium as shown by the co-sedimentation of soluble matrix proteins with mitochondrial membrane markers during centrifugation and by the inaccessibility of PDH to added PDH antiserum. Addition of ATP to permeabilized mitochondria resulted in activation of PDH kinase and a consequent inhibition of acetyl-CoA production. Conversely Ca2+ and Mg2+ added to activate PDH phosphatase lead to an increased rate of acetyl-CoA production. Thus the activities of the kinase and the phosphatase could be manipulated independently and in situ whilst continuously measuring the rate of the PDH reaction. This is not possible in disrupted mitochondrial preparations because the dilution of kinase and phosphatase with respect to their PDH substrate is too great. Fig. 1 shows three pairs of traces for PDH, activities in permeabilized mitochondria from control and insulinthe enzyme and a Ca2 P /Mg2+ -sensitive phosphatase Abbreviations used: PDH, pyruvate dehydrogenase; PDH,, active, dephosphorylated form of pyruvate dehydrogenase. permeabilized mitochondria Permeabilized mitochondria from control (-) or insulintreated (--) adipose tissue were incubated in 100 mM-sucrose/ 50 m~-K c I / 5 0 mM-Mops/l mM-EGTA/I mM-HEDTA/O. 1 mMMgCl,/2 mM-KH,PO,/l m~-dithiothreitol/85 mg of polyethylene glycol/ml/5 pg of oligomycin/ml/l pg of rotenone/ml/ 1 pg of antimycin A 1 ml, pH 7.2, plus 1 m~-pyruvate/0.5 mM-NAD' /O. 1 mM-CoA/l mM-thiamine pyrophosphate/0.4 units of arylamine acetyltransferase/ml/20 pg of p-(p-amino-phenylazo)-benzenesulphonic acid/ml; acetyl-CoA production was followed spectrophtometrically by the absorbance decrease at 460nm (Coore et al., 1971) . Additions were ATP (0.2m~); Glc/HK (10 mwglucose + 1.5 units of hexokinase/ml); Ca/ Mg (to give 0.6m~-Ca'+ and 1 rnM-Mg*+ free concentrations); NaF (25 mM). Rates are given as nmol of acetyl-CoA formed/ min per ml of mitochondrial preparation. treated adipose tissue. In each case a persistent effect of insulin was initially apparent as a higher level of PDH, (see Fig. l c for initial rates) . However, when either the kinase (Fig. l a ) or the phosphatase (Fig. lb) was allowed to operate alone the insulin effect was lost as PDH, was
